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THE RIDGE AT RHIC & THE LHC

PETER STEINBERG, BNL
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(b) Au+Au 0%-30% (PHOBOS)

THE RHIC RIDGE

PHENIX, PHOBOS, AND STAR




STAR AU+AL RIDGE

STAR, PRC 80 064912 (2009)

* RIDGE FIRST OBSERVED s

3<ptt”9<4 GeV/c =

AT RHIC IN AU+AL e o s

* BY-PRODLCT OF 3 ";"3
STUDPY OF HIGH Pr PR
CORRELATIONS " XS

* CLEAR STRLICTLIRE |
EXTENDED IN ETA, BUT :

LOCALIZED IN PH/ S

...BUT NOT OBSERVED IN ﬁﬁjjjﬁjﬁﬁﬁjjjjjiﬁ~




PHOBOS AU+Al RIDGE

PHOBOS, PRL 104 062301 (2010)

.............. AFTER V2
' SUBTRACTION

N9 @y
o0 WX
A

(a) p+p PYTHIA (version 6.325) (b) Au+Au 0%-30% (PHOBOS)

WHILE PHOBOS COULD NOT PROVIDE
Pr DEPENDENCE, THE LARGE ETA COVERAGE
GAVE FIRST LOOK AT THE RIDGE AT VERY
LARGE AETA SEPARATIONS...

...AND THERE WAS NO END IN SIGHT/



MANY EXPLANATIONS...

...FROM A 2008 TALK BY ED WENGER (PHOBOS)

Coupling of induced radiation to longitudinal flow
Armesto et al., PRL 93, 242301

Recombination of shower + thermal partons
Hwa, arXiv:nucl-th/0609017v1

Anisotropic plasma
Romatschke, PRC 75, 014901

Turbulent color fields
Shuryak, arXiv:0706.3531v1

Bremsstrahlung + transverse flow + jet-quenching
Majumder, Muller, Bass, arXiv:hep-ph/0611135v2

Splashback from away-side shock
Pantuev, arXiv:0710.1882v1

Momentum kick imparted on medium partons
Wong, arXiv:0707.2385v2

Glasma Flux Tubes
Dumitru, Gelis, McLerran, Venugopalan, arXiv:0804.3858; Gavin, McLerran, Moscelli, arXiv:0806.4718

"RIDGE & CONE” KEPT LS BLISY FOR €& YEARS'




Ann.Rev.Nucl.Part.Sci.57:205-243,2007

-15 -10 -5 0 5 10 15
z (fm)

MONTE CARLO GLALBER
PHOBOS (& ALVER & ROLAND)



INITIAL STATE MATTERS

PHOBOS pullmlnary
e 200 GeV, tracks ¥ 130 GeV, Star
0.3} © 200GeV.hits ' 17 GeV. Natd o
|« 130Gev, hits iasa s
At e 200 GeV, tracks | °
wg o 200 GeV, hits 1 ‘ ¢
< 0.2 e« 624GeV, hits 14 w
= it ed 0]
> Hx
0.1- M :
PHOBOS
wWM2005
| | |
% 10 20 30
1/(S) (dN_ /dy) [fm?]

PARTICIPANT ECCENTRICITY
BROLUIGHT ALU+AL & CU+CL
TOGETHER! (PHOBOS 2005)

ALVER & ROLAND WERE FIRST TO
MAKE IT CLEAR THAT Vz SHOLULD

EXIST AND, MORE IMPORTANTLY,

RIDGE AND CONE ARE “"LEFT
BEHIND” IF V2 SUBTRACTED

10

STAR, PRC 81 054905 (2010)

=

Part 91

PHOBOS Glauber MC

-10

1.02[

rPHOBOS Au+Au ZOOGeV 10-20%
| -4.0<An<-2.0, O<n

<1.5, prg>25 :

Ry

1.01F /\

0.005F

Residual A¢ Correlation

-0.005F

A¢ (deq)
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THE RIDGE, POST Vs

* ONCE SEEN, DIFFICULT TO FORGET

* FLLUCTUATIONS IN THE INITIAL STATE PROVIDE
SIMPLEST WAY TO HARMONIZE FLOW
SYSTEMATICS

* THEY ARE ALSO THE SIMPLEST WAY TO
LUINDERSTAND THE RIDGE AND MACH CONE

...WAS THIS THE END OF THE RIDGE??

10




PUBLISHED FOR SISSA BY €) SPRINGER

RECEIVED: September 22, 2010
ACCEPTED: September 23, 2010
PUBLISHED: September 27, 2010

Observation of long-range, near-side angular

correlations in proton-proton collisions at the LHC

The CMS collaboration

ABSTRACT: Results on two-particle angular correlations for charged particles emitted in
proton-proton collisions at center-of-mass energies of 0.9, 2.36, and 7TeV are presented,
using data collected with the CMS detector over a broad range of pseudorapidity (n) and
azimuthal angle (¢). Short-range correlations in Az, which are studied in minimum bias

THE PP RIDGE

CMS COLLABORATION



SEPTEMBER SLIRPRISE

(a) CMS MinBias, pT>O.1GeV/c (b) CMS MinBias, 1.OGeV/c<pT<3.0GeV/c CMS’ ‘J H EP 1009 091 (201 0)

R(An,A¢) = <(<N> —1) (ZZ(@Z,, iz)) _ 1) >bins

1 d2 Nsignal

SN AT RPN = o ey A
1 d2Nmixed

S
iy
"' /X AA LN

L\
5
"‘va

R(AN,A9)

X
“\“A‘

USING A SPECIAL HIGH MULTIPLICITY TRIGGER.,
A DATA SAMPLE UINAVAILABLE TO THE OTHER EXPERIMENTS

REVEALED A RIDGE IN PP/

12




PHYSICS OF THE RIDGE

* I DEFER TO MY THEORIST COLLEAGLIES,
SPEAKING NEXT

* BUT THE SAME DATA LED TO A WIDE
VARIETY OF EXPLANATIONS

* PARTON SATURATION (VENLIGOPALAN ET AL)

* MLLTIPARTON INTERACTIONS (STRIKMAN.)
* BREMSSTRAHLLING IN STRONG FIELDS

* "JET-MEDIUM” (HWA, WONG,...)
* HYDRODYNAMICS (WERNER, AVSAR, ETC.)

* AS WITH THE RHIC RIDGE, MANY
EXPLANATIONS BLUT NO CLEAR WINNER

* ABSENCE OF CRISP PREDICTIONS CONFRONTING
NEW PP RIDGE DATA

13




PP RIDGE VS. Pr

CMS, PAS-HIN-2011-006 (Mar 2011)
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A CHARACTERISTIC PT DEPENDENCE IN "RIDGE” REGION:
ONE WHICH LOOKED FAMILIAR FROM A+A
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THE PB+PB RIDGE

CMS
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FOURIER PECOMPOSITION

ATLAS, PRC 86 014907 (2012)

Vn [ 0-5% ATLAS - nN=2 _ " A Pb-Pb |5,=276TeV ]
B - N= 7 1.021- (b) L..=8ub’ 0-5% 7]
- Pb-Pb M=276 TeV T i 2<p?, pb<3 GeV
0.2_ —B- n=4 N 1.01k 2<lAnl<5
- L,=8ub’ In<2.5 “%-n=5 s
B —dL— _6 i © 1_ >/1] \\y~‘§'},‘4‘ o
- full FCal EP N=0 | "
0.99}
® — 5— IIIIII —
3 2 ol Wﬁ
0 2 4
Ao

WHY STOP AT TRIANGLULAR FLOW?

IN THIS VIEW, THE 2PC RIDGE IS SIMPLY ALL
FOLIRIER COMPONENTS CONTRIBUTING AT APHI=O/

AND NOTE VERY SIMILAR SHAPE OF Pr DEPENDENCE
7O PP RIDGE/




Vv FROM FLOW
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BOTH MEAN VALLIES AND FLUCTUATIONS — (scHenke £T AL,
NICELY DESCRIBED BY EVENTWISE VISCOLS  HEINZET AL,
HYDRO WITH IP GLASMA IC. (5 OTHERS)
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HAD WE FINALLY
BLURIED THE

RIDGE?Z...




EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-PH-EP/2012-320
<X 2012/10/23

CMS-HIN-12-015

Observation of long-range, near-side angular correlations
in pPb collisions at the LHC

The CMS Collaboration*

DISCOVERY OF A P+PB RIDGE

THE CMS COLLABORATION
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THE P+PB PILOT RLUN

LARGE HADRON COLLIDER (J. JOWETT, ET AL)

SEPTEMBER 12, 2012 HI COMMLNITY & LHCB




RIDGE REDISCOVERED

CMS, PLB 718 795 (2013)

CMS pPb \/sy, = 5.02 TeV, N/ < 35 (@) CMSpPb\sy =5.02TeV, N "™ = 110 (b)

1 <pT<3GeV/c 1 <pT<SGeV/c

1

dngalr
Ntrig dAn dAd
o O O
®

5%
K555

= 4 1 d2 \same = 4

1 d2Nwait S(Ay, Ag) (EVENTWISE)

Noyg dandag 200 Bz, a9) SN AP = G qAy dig

IN PP, RIDGE REQGUIRED HIGHEST MULTIPLICITY
COLLISIONS TO BE SEEN NEXT TO
ENORMOLS NEAR-SIDE PEAK,

IN P+PB RIDGE WAS VISIBLE WITH RATHER MODEST
MULTIPLICITIES (DLUE TO MULTIPLE COLLISIONS)
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CORRELATION FLNCTIONS
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CMS, PLB 718 795 (2013)

COMPARISONS TO HIJING & HYDRO PREDICTIONS




C6C MODELING

0.20

Dusling & Venugopalan, prd 87 054014 (2013)

0.10 |

NoMfine - 35

1<pr<2GeV

35 < NJMMine 9o

110 < Noffine - 150

0.06
0.04
0.02

0.00 $eccasess™

0.04 |
0.03 |
0.02
0.01 |-

)

0.00 (eais OlpTo IR 0o

0.015
0.010 |
0.005

0.000

ALSO WORK BY: KOVCHEGOV &
WERPERTNY

BASED ON PP
EXPERIENCE,

CGC GROLIPS

WERE READY!

THIS WORK AND
COMPARISONS TO LATER
DATA WILL BE COVERED

IN RAJLI'S TALK!...
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THE OTHER LHC
EXPERIMENTS WERE

BUSY AT WORK!...




EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

g

CERN-PH-EP-2012-359
03 Dec 2012

Long-range angular correlations on the near and away side

in p—Pb collisions at ,/syn= 5.02 TeV

ALICE Collaboration™

Abstract

Angular correlations between charged trigger and associated particles are measured by the
ALICE detector in p—Pb collisions at a nucleon—nucleon centre-of-mass energy of 5.02 TeV
for transverse momentum ranges within 0.5 < pr assoc < pr1,uig < 4 GeV/c. The correlations

] 10 Dec 2012

THE P+PB RIDGE

ALICE COLLABORATION



EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

X

CERN-PH-EP-2012-366
Submitted to: Phys. Rev. Lett.

Observation of Associated Near-side and Away-side Long-range
Correlations in /syny = 5.02 TeV Proton-lead Collisions with
the ATLAS Detector

The ATLAS Collaboration

THE P+PB RIDGE

ATLAS COLLABORATION



"EVENT ACT/ l/ / TY" e

OVERALL ACTIVITY % ..
CHARACTERIZED BY £
ATLAS WITH Er SUM IN § "
3.2<n<4.9, 121125
AND ALICE WITH VOM, % |
MULTIPLICITY IN
FORWARD DIRECTION
E " E it ATLAS piPb |5y 5|02|Te|\_/ (L=1ub"

SEP [GeV]

- Central =
[ | Peripheral _

AR
50

TE——

100 150

YE? [GeV]

IMPORTANT TO AVOID
CUTTING DIRECTLY
INTO MULTIPLICITY
PISTRIBUTION AT
ETA~O
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SECOND OBSERVATION/

ALICE, PLB 719 29 (2013)

Ari
8 0.6 o
= 1 =
(8] 9_ i [3) 9_
iy =
(] ©
2 g 0.4+ < g
o | o
T IO TIT
2 1 k=]
-_= -
< 1 <
0.2
2

ALICE  +7°
EVEN WITH A SMALLER AETA ACCEPTANCE,

THE RIDGE WAS OBSERVED BY ALICE
AT THE FOOT OF THE JET MOLINTAIN...

1 & Nassoc S(An,A9) (SLIMMED OVER
— S(AN,AQ) = 1/Nyigd*Nyame /dATdA
Nuig dANdA@ _ B(AT,Ap) (An,Ap) =1/ o/dANdAQ 1y TIPL ICITY CLASS)
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ATLAS VS. CMS

CMS

ATLAS

CMS pPb \/syy = 5.02 TeV, N°/"* < 35

1<p,<3 GeV/c

PERI.

CMS pPb \/syy = 5.02 TeV, N/ = 110
1<p, <3 GeVic

d2 Npair
Niig dAN dAG

>
X

SO
NI
et

T

CENT .
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ATLAS VS. CMS

CMS pPb \[S, = 5.02 TeV, N < 35 (a) CMSPpPb \sy,=502TeV, Ni"™ = 110
1<p.<3GeVic

(b)

1<p,<3 GeV/c

Z ey = §o)
y’ ” "' " :
3 V% £ foluy olg 1
20.101¢%25 Sssy 2 1
- X "O"I/(/ v~ =
CMS i ;
4 0 (X '{'I"' “ = 4
4
74
4 4

N ATLAS  p+Pb |5 =5.02TeV

1.1 1.04{
< |3 VERY SIMILAR
ATLAS & |5 OBSERVATION!

(SUMMED OVER
MULTIPLICITY CLASS)
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A TWINZ

< 0.20
g p-Pb \s,, =5.02 TeV 2< Py, <4 GeVic p-Pb \'s,, = 5.02 TeV
:‘7’,’ * 0-20% 2<p,,,, <4GeVic 1<Pp oo, <2GeVIE | \(0-20%) - (60-100%)
§ 0.15— _ = 20-40% 1< P assoc <2 GeV/c
[ ]
' ‘s 4 40-60% stat. uncertainties only
o
< v 60-100%
A= |
8L 0.10— --|ie ----pp276TeV ;‘
2- b —pp7TeV * aa" ¢ g 0.857
E Tl 9| o
8 al 3
o sl 0.80
© 2 g’
3 oo
© 50.-75
£ -2
=3 2 o
=

PERIPHERAL P+PB GAVE A
SIMILAR YIELD AS SEEN IN

PP AT SIMILAR ENERGIES... PERIPHERAL TLRNED OLT
TO SLBTRACT CLEANLY:

LSE PERIPHERAL AS A LEAVING BEHIND
PROXY FOR PP TWO RIDGES!
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ATLAS RECOIL REMOVAL

0.6

0.4

0.2

0

=
2t
> T 05<p °<4 GeV, 2<|An|<5

L o xE™-80GeV b

| ATLAS p+Pb \5,=5.02TeV, | L= 1ub™

=143

- TEP°<20 Gev  b),,,=3.2

AQ|

V(o) - (

| B(Ag)dA¢

ATLAS, arXiv:1212.5198 (2013)

) C(80) = by

TN,

(PER-TRIGGER YIELD,

I.E.

PAIRS/PARTICLE,
AFTER ZYAM)

COMPARING Y(Ad) IN CENTRAL TO PERIPHERAL:
OBSERVED THE DIFFERENCE IN YIELDS

TO BE ~CONSTANT VS. CENTRALITY!
STRAIGHTFORWARD INTERPRETATION AS "RECOIL”
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ATLAS RECOIL REMOVAL

ATLAS, arXiv:1212.5198 (2013)

% I ATLAS D+ +Pb m=5.02 TeV, j L~1 ub | >;§ I ATLASprW __5 02 TeV fl_ 1 ub |
> o 0. 5<p °<4 GeV, 2<|An|<5 (C) . - 1 0. 5<p °<4 GeV, | - 2<|An|<5 (d) -
0.6~ H 0.6 -
- o xEP>80Gev  bS,, =14.3 ] @ Near: [Aol<n3 ]
- 5 MDA -—l- Away: |A¢|>21/3
| B $E’<20GeV b,,,=32 o | - o Difference g =° i
0.4 — 0.4 u —
! o) | i u ]
u
o . . - . u . =
(| © il i ¢ i
0.2 = Zad 0.2#""'"’"Q """"" ¢ """"*9 —
' Q ¥ . ! ¢ .
5 ®
I 0 = RECOIL | I o ®
O_EI E D ! D| @ g | ! | ! ] ] ] | O_._‘..’ .I | 1 1 1 1 | 1 1 1 1
0 1 2 3 0 50 100 o
AO| (ZE™") [GeV]

COMPARING Y(A®) IN CENTRAL TO PERIPHERAL:
OBSERVED THE DIFFERENCE IN YIELDS

TO BE ~CONSTANT VS. CENTRALITY!
STRAIGHTFORWARD INTERPRETATION AS "RECOIL”
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AN [DENTICAL
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IDENTICALLY TO

Pr SELECTIONS
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AN IDENTICAL TWIN? (ATLAS)
NEAR AWAY ATLAS, arXiv:1212.5198 (2013)
S5 | amaspern QW3 (@) [ [A0>2m/3 (b):
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FLOW IN P+PBZ (ALICE)
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ASSUMING FACTORIZATION -
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= ) 05< pT,trig <1.0;05< R < 1.0 GeV/c
B 1.0 < pT’trigl <2.0;05< fla-e < 1.0 GeV/c
{ A 1.0< Py < 20;1.0<p, < 2.0 GeV/c
L ¥ v 20< P 4.0;0.5< Prtes < 1.0 GeV/c
L \ - 20< pT,trig <4.0;1.0< P+ ssoc < 2.0 GeV/c
i + + ¢ 2.0< P g < 40;20<p . < 4.0 GeV/c
|
== L
- i Y]
EER W,
S I i
i ¢ A Tk
¢ ¢ e A} ! £
0-20% 20-40% 40-60%

Event class

IIII|IIII|IIII|IIII
|—>—|

=

<> D> O

p-Pb |s,, = 5.02 TeV

0.5<pT . <1.0;05<p < 1.0 GeV/c
Jtrig T,assoc

1.0< P i < 20;1.0< Prassoc < 2.0 GeV/c
2.0< Pryig < 4.0;20< Prassoc < 4.0 GeV/c

S
1y

S

20%

20-40% 40-60%
Event class

SIGNIFICANT V2 AND V3
CONTRIBUTIONS/
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HOLY SNEAKY SINLISOIDS/

FOR NEAR-INCLLUSIVE Pr(ASSOC) = 0.5-4 GEV
ASSOCIATED PARTICLES 345 “Go F 108 Gl EEE 50 Gel 08551 G-
(0.5-H GEV), SINUSOID ~,/flumis™ TP suin™ - oo

DOMINATES AFTER 02 oo -
RECOIL SLIBTRACTION LN 68
FOR ALL Pr INTERVALS .+ EPTTRE EEEE IR

SHOWN ARE: Zi:@ boa=14-3 O ? Ci bs.,=14.1 O ) Og
ap + 2as cos2A¢ (SOLIPD) 0z . Pt Eln -

C )

ag + 2a2 cos 2A¢ + 2a3 cos SAQ

(DOTTED)
FOURIER COEFFS. ST S DU S
CALCULATED USING DFT: |A¢| |A$|
=8 <AY(A¢) COS 'n/A¢> ATLAS, arXiv:1212.5198 (2013)
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FLOW IN P+PBZ (ATLAS)

ATLAS, arXiv:1212.5198 (2013), accepted to PRL with new data!

O | ATLAS piPb @ p-2 (e)) © | ATLAS p:Pb 4 n=2 ()
ﬁfozTev n=3 0.152H502Tev Sn=3
0.01- b . L= Wb“
¢ ¢7 e ¢ + 01 § ¢ +
B4
0.0051 ¢ »E™ 5 80 GeV 005 ‘ »E™ 5 80 GeV
:‘ <> <> 2<|An|<5 . :‘ <><><> 2<|An|<5
ol 00 oselaeev b osabdcer.
o 2 4 _ e 0 o 4 . 6.
p; [GeV] P; [GeV]

IF MODLULATION OF 2PC FACTORIZES INTO
CONVOLUTION OF SINGLE-PARTICLE SINUSOIDS,
CAN EXPRESS MODULATION IN TERMS OF “Sn”
(SAME PROCEDLIRE LUSED IN HI TO EXTRACT Vn):
.ATLAS EXTRACTS SIGNIFICANT Sz AND S5/
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AT THE LHC, THE RIDGE IS NOT ALONE/

2< pT,trig <4 GeV/c p_pb m = 5.02 TeV p+Pb M=502 TeV

1< pT,assoc <2 GeV/c (0-20%) - (60-100%) -1 0. 5<p:a|1_,b< 4 GeV

- 80 GeV

1 d2 Nassoc
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AND SOON AFTER, ACROSS
THE ATLANTIC (& NEXT TO o
MY BNL OFFICE).. >

~ . $
e Y s
< ~ ¥
-/-‘
.

e

A
DOLBLE
p RIDGE! }



AND SOON AFTER, ACROSS
THE ATLANTIC (& NEXT TO =
MY BNL OFFICE) e

A HMM, 1S oy A
L0 W 8 DOLIBLE

D+ALI? Ty »ﬁa |
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Quadrupole anisotropy in dihadron azimuthal correlations in central d+Au collisions

at /5, =200 GeV

A. Adare,'? C. Aidala,*"%2 N.N. Ajitanand,’® Y. Akiba,>* 5> H. Al-Bataineh,*® J. Alexander,’® A. Angerami,'*
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QUADRLUPOLES IN D+AU

PHENIX COLLABORATION



PHENIX D+Al

{ osarmpag oo T maoraonzm oo o (O S 01

8x107"; oY, 05 T ’ :
R T
4:
!

Y(A9), AY(A0)

6
5
4
3
2F
B:
0
1F
0

.0 0.5 1.0 1.5 2.0 25 3.0 05 1.0 15 20 25 3.0
Ao (rad)

DESPITE SMALL ETA COVERAGE OF PHENIX,
MADE GOOD LISE OF THEIR 1.6 BILLION EVENTS:
CORRELATIONS WITH SOFT PARTICLES (0.5-0.75 GEV)

ALSO EVINCE QUADRLPOLE MODLLATION
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MODULATIONS @ RHIC

PHENIX, arXiv:1303.1794 (2013)

15x10° ¢| —

10

_ @ n =2 PHENIX, 200 GeV, d+Au, 0-5%, [0.5,0.75]® P, Anle [0.48,0.7]
-10~O n=2ATLAS, 5.02 TeV, p+Pb, 0-2%, [0.5,4.0]® P, |Anie [2,5] _|
_ m n =3 PHENIX, 200 GeV, d+Au, 0-5%, [0.5,0.75]® P2, Anle [0.48,0.7]_]

| 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 | |_
0.5 1.0 1.5 2.0 2.5 3.0 3.5

2PC MODLLATIONS ARE OF
SIMILAR ORDER TO THOSE SEEN
@LHC

(QUANTITATIVE COMPARISON IS

NOT POSSIBLE GIVEN DIFFERENT
Pr AND NETA CUTS)

_l T T T | T T T T | T T T T | T T T T | T T T T | T T T |_

0.30— @ PHENIX, 200 GeV, d+Au, 0-5%, |An|c [0.48,0.7]  —

- O ATLAS, 5.02 TeV, p+Pb, 0-2%, |An|c [2,5] -

0.25— -

u ® ]

0.20— —

I o o -

> o015 ] =

- el m ==

0.10—  |@|~ + O —

- + O e N

C @ e P. Bozek: .

0.05=—=""-=" e d+Au 200 GeV —

Cet -.=- p+Pb 4.4 TeV -

_l | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |_

0-000.5 1.0 15 2.0 2.5 3.0 3.5

B

SINGLE-PARTICLE MODLLATION

CAN BE DIRECTLY COMPARED, AND
D+ALGRHIC IS FOLND TO HAVE
LARGER V2 THAN P+PB@LHC! ...

REASONABLE AGREEMENT W/
HYDRO PREDICTIONS (N.B. LHC
PREDICTIONS AT WRONG ENERGY!)
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HYDRO SCALING OF P/D+A =

PHENIX, arXiv:1303.1794 (2013)
[ |

0 95_ ® | PHENIX ds+Au (=200 GeV) E
£ ¢ PHENIX Au+Au v,{EP}/eP" (15=200 GeV)
0.8 - @ CMS Pb+Pb v,{EP}eb™" (1s=2.76 TeV) E
0.7F O CMS Pb+Pb v,{2}/e,{2} (Vs=2.76 TeV) =
065 © ATLAS p+Pb (is=5 TeV) a° S =
o 0-55 A ALICE p+Pb (/s=5 TeV) U;F? -
COE: o8 :
0.45— . D‘ ‘@ -
0.3c %@z =
0.25 %} (p > = 1.4 GeV/c =
0.1 -
0.0:I 1 11 | | | | 1|1 1 | | | | | I I | :
10 102 103
dN, /dn‘

SIMILAR, BUT NOT IDENTICAL TO OLDER VERSION
(LEAVES OUT TRANSVERSE AREA).
DESPITE LUSE OF HITING MULTIPLICITIES AND
ECCENTRICITIES NOT PROVIDED BY THE EXPERIMENTS,
DO P/D+A DATA SCALE TO THE O(50%) LEVEL?
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BUT WAIT,
THERE'S MORE/




EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

©)

CERN-PH-EP-2013-029
Submitted to: Physics Letters B

Measurement with the ATLAS detector of multi-particle
azimuthal correlations in p+Pb collisions at /syny = 5.02 TeV

The ATLAS Collaboration
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H-PARTICLE CORRELATIONS

ATLAS COLLABORATION



CUMULANTS IN P+PB

IF THE EFFECT IS DUE TO FINAL-STATE DYNAMICS, SHOLULD

OBSERVE TRUE MULTIPARTICLE CORRELATIONS:
CUMULANTS ARE THE NATLURAL WAY TO CHECK

e 0,02 N X1L03' ____ATLAS anXiv:1303.2084 (2019
PO ATLAS 35“ - d] | ]
- p+Pb \/s\ = 5.02 TeV - o | . T . : _ Ny
0.015 4 L = 1ub" — I U} [?JF + " |
- 03<p <5GeV, <25 ki ¢
0.01- * - -0.0217 e data ]
- T * . . . | I = HIJING
- - i o HIJING, detector simulation |
i - i
0.005- , .. i . - -0.0417 ATLAS B
= HIJING = I p+Pb, \/s\y=5.02TeV, L _=1ub”" _
- o HIJING, detector simulation ] I + 0.3<p_<5GeV, <oa"
M B R N R Nl vt
% 20 40 60 80 100 0.064 20 40 60 80 100
(ZET°) [GeV] (SET°) [GeV]
corra{2} = (€M@1=02))  copr, {4} = (ein(G1+92—ba-04))
ey 2
o e (oA cni{d} = (corr,{4}) — 2 - (corr,{2})

st {2} = /e {2} v {4} = ¥/ —co{4}

Y PARTICLE CUMULANT IS NEGATIVE
(BUT SO IS PERIPHERAL HIJING, LINLESS WE LUSE |ETAILT)
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Pr DEPENDEN CE

>

ATLAS arXiv:1303.2084 (201 3)

ZEPb> 80 GeV ATLAS

0.3L p+Pb \ S\ =5.02 TeV

L= 1 Mb‘t Il <2.5

- 0 V,{2}
T K Vy{4})

55 <2E °< 80 GeV

1 40 <2E °< 55 GeV

I 25 <3EP< 40 GeV

PT DEPENDENCE FROM CUMLULANTS

SHOWS:

1) CLEAR DIJET CONTAMINATION

IN 2-PARTICLE
2) SIGNIFICANT Y-P, AND GOOD
AGREEMENT OF Y-P WITH 2PC IN
CENTRAL EVENTS
3) SIMILAR PT SHAPE FOR H-P AS
FOLIND IN PB+PB (EP METHOD)

~ 0.3
>
| % Pp+Pb, v {4}

0.2

0.1

T T T T I T T T T
- ] p+Pb, v2{2PC}

- O Pb+Pb, V¥, 70-80%
O Pb+Pb, V5", 0-10%

}2E$b >80 GeV
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IN TEGEA TED l/ 2

ATLAS arXiv:1303.2084 (2013)

Integrated v,
O

0.05

O |

- p+Pb, \ S\ =5.02TeV, L =1 ub™

- 0.3<p, <5 GeV
- Inl<2.5

l l

ATLAS

KV {4}
mv,{2PC} _
AV {2} hydro |

20

100120
(SE7) [GeV]

] | ] ]
40 60 80

BOZEK ET AL,
5.02 TEV,
PRIVATE COMM.

AGREEMENT WITH HYDRO IN MORE CENTRAL EVENTS:
SUPPORT FOR FINAL STATE INTERACTIONS?
SOME ISSLES: 1) HYDRO V2 DECREASES WITH CENTRALITY
(DATA INCREASES) 2) SENSITIVITY OF CUMLULANTS TO

FLUCTUATIONS IN SMALL SYSTEMS
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THE STORY SO FAR

* RIDGE DISCOVERED IN AL+Al @ RHIC

* “EXPLAINED” BY TRIANGLULAR FLOW, |.E. FLLICTUATIONS IN
THE INITIAL STATE
* STRONG SLIPPORT FROM LHC PB+PB

* RIDGE REDISCOVERED IN PP
* LET A MILLION EXPLANATIONS BLOOM, FROM CGC TO HYDRO

* NEAR-SIDE RIDGE DISCOVERED IN P+PB

x [DENTICAL AWAY-SIDE RIDGE --> ONE PHENOMENON/
* CGC INTERFERENCE GRAPHS?
* HYDRODYNAMIC RESPONSE TO FLUCTUATIONS?

* D+All DATA SHOW THE “"DOLIBLE RIDGE”, |.E.
VUAPRUPOLE MODLULATIONS

* HYDRO PREDICTIONS, FLOW SCALING

* H-PARTICLE CUMULANTS TILT TOWARDS HYDRO
INTERPRETATION OF THE DATA..FOR NOW
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STAY TUNED, FOR

THE NEXT EPISODE/




IMPORTANT QLEST/ONS/

P+PB WAS SLIPPOSED TO BE ABOLUT INITIAL STATE (l.E. cGC) BUT
WE HAB VE A SLURPRISING HINT OF FINAL STATE DYNAMICS (I.E.
FLOW.

* CGBC & FLOW BOTH CLAIM TO HAVE DESCRIPTIVE AND
PREDICTIVE POWER

LIMITS OF HYDRODYNAMICS

* gAg/ gf;’ERMALIZ ATION BE ACHIEVED FOR SLICH SMALL SPACE/TIME
CALES:

* ARE VISCOUS CORRECTIONS TOO LARGE?

* WHAT ABOUT CUMULANTS?

SCOPE/PREDICTIVE POWER OF C6GC APPROACH

* IF MODEL IS COMPLETE, THEN PREDICTIONS ARE ESSENTIAL
* WHAT ABOUT MLULTIPARTICLE EFFECTS? V37

WHAT ABOUT PP?
* N LIGHT OF P+PB, P+P RIDGE SLIGGESTS THAT WE SHOLLD BE THINKING

MORE CAREFLILLY ABOLIT PP INITIAL STATE
* HOW TO HANDLE GEOMETRY/FLUCTUATIONS IN PP~ % 8 8
EXPLANATION FOR LONG RANGE CORRELATIONS
* CGC (FLUX TUBES) VS. HYDRO (BUILT IN, BUT 3+1D77)  rgrer 2t At
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AVENLIES FOR PROGRESS

* EVEN MORE MLULTIPARTICLE OBSERVABLES
V2(6), AND HIGHER ORDER MODLLATION

* EVEN LONGER RANGE CORRELATIONS

* PREDICTIONS FOR ETA DEPENDENCE FROM CGC
OR HYDRO?Z

* PARTICLE SPECIES DEPENDENCE (C®@
SCALING?Z)

* A COMPREHENSIVE DESCRIPTION, FROM
SMALL TO LARGE SYSTEMS, ESPECIALLY
WHERE THEY OVERLAP IN SIZE/DENSITY

* PREDICTIONS ARE CRLUCIAL, SINCE VERY
DIFFERENT APPROACHES ARE ABLE TO
DESCRIBE THE SAME DATA/




"THE BEST LAID SCHEMES
OF MICE AND MEN GANG

AFT AGLEY...”




THANKS?//

(SPECIAL THANKS TO J. JIA FOR
DISCLUSSIONS)




